Supplementary Text
Using the developed numerical toolbox, the interaction of a relativistic electron with the EDPHS and the sample is simulated. The electron has a Gaussian charge distribution with 5nm W  at an initial velocity of 0 -0.6953 vc  along the z-trajectory. Fig. S1 shows the modulation in electron velocity during the interaction, for several distances between the EDPHS and the sample. The electron-induced polarization in EDPHS (Fig. S2a ) causes a focused transition radiation, as described in the main text. Here, the behavior of the radiation and its polarization state is demonstrated more precisely. Fig. S2b shows the temporal behavior of the radiated beam at the focal point. It is apparent that the radiation is in the form of a few-cycle, positively chirped pulse with a broad spectrum.
The transition radiation of the EDPHS is in the form of transverse magnetic ( TM z ) mode, with the only nonzero field components given by ,, components, at the energies 1.5 eV, 2.5 eV, 3.5 eV, and 4.5 eV.
Interestingly, the field distribution is very similar to the Laguerre-Gaussian optical beams, with the mode orders increasing at higher photon energies. E E E  , at the photon energies depicted at each frame.
